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Introduction
Standard Model (SM) results from ATLAS and CMS using the LHC Run I data have given us a possibility to perform extensive tests of the electroweak and strong interaction. The most recent results of SM physics are presented in this overview.
Vector boson studies

The W and Z boson production
The CMS Collaboration has performed a measurement 1 of the inclusive W and Z cross sections at p s = 8 TeV as an important test of the perturbative QCD (pQCD). A low pileup sample with an average of 4 interactions per bunch crossing was used. The W boson yields were extracted from missing transverse energy (MET) distributions using a binned maximum-likelihood fit and the Z boson yield was measured by counting events in the m ll window, as shown in Figure 1 . The measured cross sections are in a good agreement with the NNLO QCD prediction.
The ATLAS Collaboration performed a measurement 2 of the Z/ ⇤ boson p T distribution at 7 TeV as a traditional probe of strong interaction dynamics. The transverse momentum spectrum was measured with fine binning in both electron and muon channels, inclusive in rapidity and also in three rapidity ranges. The measured cross section was compared to pQCD and resumed predictions from FEWZ The CMS Collaboration has measured 14 the Z/ ⇤ p T distribution at 8 TeV. The overall agreement with the SM is observed but neither model reproduces well the p T distribution in the accessible range.
The fiducial Drell-Yann (DY) to muons cross section at Z peak, double di↵eren-tially in p T (Z) and Y (Z), was measured 15 by the CMS Collaboration. Production of Z boson at high p T (Z) is dominated by gluon-quark production, useful for gluon PDF constraints in gg!H process. Comparison with MADGRAPH 16 and RESBOS show that both generators overshoot the data by 10 to 20% for p T > 120 GeV.
The measurements of Z/ ⇤ boson p T distribution are used for tuning the hadronic recoil in W ! µ⌫ events, which is important for the W mass measurement.
The high p T Z!bb production at 8 TeV, a process that is important for high p T H!bb and searches for ZZ, ZH and HH (bbbb) resonances, was observed 17 by the ATLAS Collaboration. The dominant background is QCD multijet, with smaller contributions from tt, Z! cc and W! qq. Two event sets are defined, corresponding to Signal (SR) and Control Region (CR). Two variables, ⌘ dijet and ⌘(dijet, balancing jet), were used as an input to the neural network. The signal was extracted by fitting simultaneously the m dijet distribution of the SR and CR using a binned extended maximum likelihood (EML) fit.
Drell-Yan di↵erential cross sections
The Drell-Yan di↵erential cross section at 7 TeV was measured 18 by the ATLAS Collaboration in the range of 116<m ee <1500 GeV. The Monte Carlo (MC) predictions are consistent with the shape of measured m ee distribution. Measurement was extended 19 down to 12 GeV using the 2010 data. POWHEG NLO+LLPS and FEWZ NNLO describe the data well, while the FEWZ NLO is less compatible. Measurement 20 of the (double) di↵erential Drell-Yan cross section at 7 TeV in a wide m ll range was done by the CMS Collaboration. Di↵erential cross section, d /dm, measured in the ee and µµ channels, was normalized to the Z peak region. The results are in agreement with the SM prediction at NNLO. Measurement of d 2 /dmd|y| is compared to the FEWZ N(N)LO prediction using the CT10 21 PDFs.
Vector boson + jets studies
V+Jets di↵erential cross sections
The ATLAS Collaboration measured 22 Z+jets cross section as a function of the inclusive and exclusive jet multiplicities and di↵erential cross sections as function of jet p T and ⌘. The MC@NLO 23 generator fails to model higher jet multiplicities and leading jet p T , as shown in Figure 2 (a). Fixed order ME+PS (Matrix Element, Parton Shower) predictions are consistent with the measurement over a large kinematic range. The scalar p T sum of jets (S T ) and scalar p T sum of leptons and jets (H T ) predicted by BLACKHAT+SHERPA 24 deviate by several standard deviations from measured spectra in hard (S T ) and (H T ) regime. The Z+jets production was also measured 25 by the CMS Collaboration. The leading jet p T distribution is shown in Figure 2 (b). Agreement with MADGRAPH, SHERPA 26 and POWHEG is found. The CMS Collaboration measured 27 the W+jets cross section and compared it to the predictions from several generators, normalized to the NNLO with FEWZ. The MADGRAPH and SHERPA are LO matrix-element (ME) calculations. The BLACKHAT+SHERPA gives fixed-order predictions at the level of ME partons of W+njets at NLO accuracy up to 4 jets. The SHERPA and BLACKHAT+SHERPA agree with measurement, while MADGRAPH prediction gives an over-estimate. The ATLAS Collaboration measurement 29 of the integrated and di↵erential cross sections for this process required either presence of a muon from semileptonic charm decay within a hadronic jet or a charged D (⇤) meson. The data is consistent with the PDF predictions, with a preference for PDFs with a SU(3) light-quark sea.
Z+b(b) production
The ATLAS Collaboration performed a measurement 30 of di↵erential Z+b and Z+bb cross section as a probe of associated heavy flavour production. The MCFM
31
(NLO production, five-flavour number scheme -5FNS) agrees with data within the uncertainties. For the aMC@NLO 32 the 5FNS scheme suits Z+b process, while Z+bb prefers 4FNS (four flavour numbering scheme). A good description of b-jet p T shape by all generators, a reasonable description of data for Z+bb process. The W+b(b) process was studied 33, 34 by the ATLAS and CMS Collaborations as well.
Electroweak production of WWjj
This key process to probe 35 the nature of EWK symmetry was measured by the ATLAS Collaboration in the two event classes: inclusive region (strong) and VBS region (EWK, | y jj | > 2.4). Signal is two same-sign leptons (ee, eµ and µµ) and at least two jets. The measured fiducial cross sections for strong and VBS processes are in a good agreement with the SM prediction. An excess of events over background is observed (expected): 4.5 (3.4 ) in the inclusive region and 3.6 ( 2.8 ) in the VBS region, as shown in Figure 3 
Electroweak Zjj production
The CMS Collaboration performed a measurement 36 of the fiducial cross sections and di↵erential distributions of the inclusive Zjj, sensitive to the EWK Zjj. Observation was more than 5 . An agreement with the SM resulted with ATGC limits.
The ATLAS Collaboration has applied two methods of EWK Zjj signal extraction 37 : multivariate analysis, exploiting discrimination with respect to the QCD Zjj process, and data-driven prediction of QCD background based on +jj sample using dijet Fisher discriminant 38 . Results are compatible with the theoretical prediction.
Multiboson studies
4.1. WZ and ZZ production using Z!bb decays Both of these processes are an important backgrounds to the associated production of Higgs and vector boson, in particular in channels involving H !bb decays. The CMS Collaboration performed the analysis 39 in final states with 0, 1 or 2 leptons using two methods: fit to the multivariate output and fit to the two jet mass. The total cross sections were determined from simultaneous fit to all final states. The multivariate analysis observed (expected) 6.3 (5.9 ) and m bb analysis observed (expected) 4.1 (4.6 ). The measured cross sections agree with the SM prediction.
ZZ!4l production
The CMS Collaboration measured 40 inclusive and di↵erential ZZ!lll'l' cross sections (l=e, µ and l'=e, µ or ⌧ ) at 8 TeV. The exclusive sets of 4e, 4µ, 2e2µ and ll⌧ ⌧ were studied. Simultaneous fit to include all final states was performed to calculate the di↵erential cross sections. The limits on ZZZ and ZZ couplings were derived.
Z!4l production
The inclusive 4l production at the Z resonance was measured 41 by the ATLAS Collaboration at 7 and 8 TeV. The event selection followed closely the H!ZZ*!4l analysis 42 with p T (µ) and m ll requirements to increase the Z!4l acceptance. The (Z ! 4l) was determined by subtracting the non-resonant 4l contributions and normalising the resulting yield to the observed number of the Z! µµ events in the same dataset. The CMS Collaboration has also measured 43 this process at 7 TeV.
Anomalous triple and quartic couplings
The most recent ATLAS and CMS Collaborations limits on charged [44] [45] [46] [47] [48] [49] [50] [51] , WW and WWZ and neutral 44, [52] [53] [54] [55] [56] [57] , ZZ and Z ATGCs are approaching the sensitivity of LEP 49 , some are world-best. The Z limits from CMS are shown in Figure 4 (a). Two photon production of a pair of W bosons is sensitive to AQGCs. Limits Figure 5(a) ). Improved measurement for high m jj can be used to constrain gluon PDFs at high momentum fraction. Good agreement for CT10, NNPDF2. The pQCD describes data well in a wide range of p T and |y|. Good agreement was found in low p T region, except for ABM11 PDF. In high p T region only the CT10 agrees with data. The ATLAS Collaboration has also a measurement 71 of the ratio of the inclusive jet cross sections at 2.76 TeV to the inclusive jet cross section results at the 7 TeV.
Constraints on PDFs and ↵ s
The impact of the inclusive jet cross section measurements on the proton PDFs was studied 72 . Adding the CMS inclusive jet data have significantly reduced the uncertainty on gluon distribution for the fractional parton momenta of x 0.01.
Strong coupling constant was fitted as a free parameter in addition to PDFs using CMS data ( Figure 5 
Conclusions
Studies of the vector boson production showed unprecedented precision and enabled testing of the pQCD over large kinematic region never probed before. Measurements of the V+jets production improved, the pQCD predictions were confirmed. The multiboson studies resulted with limits reaching the sensitivity of LEP, several being world-leading. Inclusive jet cross sections were measured in the extended phase space, reducing the uncertainty on PDFs, strong coupling constant was measured.
